Introduction {#S0001}
============

Oral squamous cell carcinoma (OSCC), the most commonly occurring malignancy of the head and neck region, is a serious growing problem in many parts of the globe. This is the fourth most commonly occurring cancer affecting Taiwanese men. Despite so many advances in treatment and diagnostic aids, the 5-year survival rate in patients with OSCC remains ∼50%.[@CIT0001] Survival rates directly depend on the stage at which the disease is diagnosed.[@CIT0002] Thus, survival and morbidity rates will be exceptionally improved if the disease is identified in initial stages. For that, we need a good prognostic marker to better understand the disease and its outcome.

Cancerous inhibitor of PP2A (CIP2A), also recognized as KIAA1524 and p90, is located in the 3ql3.13 of chromosomes.[@CIT0003] CIP2A is abundantly expressed in various cancers like gastric cancer,[@CIT0004] breast cancer,[@CIT0005] lung cancer[@CIT0006] and head and neck carcinomas.[@CIT0007] Importantly, overexpression of CIP2A in head and neck squamous cell carcinoma (HNSCC) correlates with poor prognosis[@CIT0007],[@CIT0008] and is linked to poor overall 5-year survival in HNSCC.[@CIT0008] Bockelman et al studied CIP2A expression in 73 OSCC patients with stage T1N0M0 and T2N0M0 and identified CIP2A expression as an independent prognostic marker in early-stage OSCC patients.[@CIT0007] Katz et al examined the expression of CIP2A in oral cancer cell lines and oral dysplasia and OSCC tissues.[@CIT0009] Thus, it is difficult to conclude the role of CIP2A in OSCC.

The aim of the present study was to address the significance of CIP2A expression in oral cancer. We examined protein expression levels of CIP2A in tissue samples by immunohistochemical staining and further analyzed the clinical significance of CIP2A in a cohort of OSCC patients. Our data support the perception that aberrant CIP2A expression is an important oncogenic event in OSCC.

Materials and methods {#S0002}
=====================

Participants and clinical tissues {#S0002-S2001}
---------------------------------

Tissue samples of patients (from January 2000 to December 2008) with OSCC were obtained from the Department of Pathology at Changhua Christian Hospital, Taiwan, of which 133 OSCC specimens were used for immunohistochemistry (IHC) staining. Staging was classified according to the sixth edition of TNM staging system of AJCC (American Joint Committee on Cancer). The main treatment was tumor removal and radical neck dissection, including postoperation irradiation as well as selective patients treated with 5-fluorouracil (5-FU) and cisplatin chemotherapy. This study was approved by the Ethics Committees of Changhua Christian Hospital (Changhua, Taiwan) to use decoded tissue samples, and we adhered to the guidelines approved by (CCH IRB No. 170143).

Tissue microarray and immunohistochemical staining {#S0002-S2002}
--------------------------------------------------

Formalin-fixed, paraffin-embedded block of cancer tissues were used in this experiment. Tissue microarrays and immunohistochemical staining methods have been described previously[@CIT0010] The sections were incubated CIP2A antibody in room temperature for 20 mins. After washing three times with PBS, the sections were incubated with appropriate peroxidase-labeled secondary antibodies for 30 mins at room temperature. The sections were washed three times with PBS and then labeled by diaminobenzidine and counterstained with Mayer's hematoxylin, dehydrated and mounted.

Two experienced pathologists (Kun-Tu Yeh and Chang Wei-Hsiang) independently assessed the results of immunohistochemical staining, and a final agreement was obtained for each score at a discussion microscope. The staining intensities were scored −, 1+ and 2+ for negative, low and high signals, respectively.

Statistical analysis {#S0002-S2003}
--------------------

Results were expressed as the means ± SD of at least three independent experiments. Statistical analysis was performed using version 9.4 of the SAS software package (SAS Institute, Inc.; Cary, NC, USA). Data comparisons were made using Student's *t* test between control and treated groups, when *P*-values \<0.05 was considered statistically significant. The associations of clinicopathologic factor and CIP2A expression were examined by logistic regression with adjustment for age and gender.

Cox proportional hazards regression model was utilized for multivariate analyses to screen independent risk factors for prognosis of OSCC patients. HRs and CIs were subsequently calculated. Survival outcomes were summarized by the Kaplan--Meier method. *P*-values were obtained from log-rank tests for the homogeneity of Kaplan--Meier curves between high and low CIP2A expression.

Results {#S0003}
=======

Patient characteristics {#S0003-S2001}
-----------------------

[Table 1](#T0001){ref-type="table"} summarizes the demographic and clinicopathologic characteristics for OSCC patients. A majority of cancer patients were men (94%), with the tumors mainly occurring at age of \<60 years (66.6%). Fifty (37.6%) OSCC patients were diagnosed with III/IV tumor stage and 21 (15.8%) patients with N2/N3 lymph node metastasis, without distant nodal metastasis patients. Of those, 65 (59.4%) and 112 (84.3%) patients were, respectively, determined to be III/IV tumor stages and moderate/poor tumor differentiation.Table 1Demographic and characteristics among oral cancer patientsFactorsn%GenderFemale86Male12594Age, years≤493629.350--594735.360--693324.8≥701410.6T (tumor size)I3828.6II4533.8III107.5IV4030.1N (lymph node)N09873.7N11410.5N22115.8N300M (metastasis)No133100Yes00AJCC cancer stageI3419.8II3420.9III1411.6IV5147.8Histological gradeWell2115.7Moderate11181.3Poor13Clinical therapySurgery5843.6Radiotherapy6448.1Chemotherapy118.2Chemoradiotherapy1511.2[^2]

CIP2A is overexpressed in OSCC tissues and correlated with survival of OSCC patients {#S0003-S2002}
------------------------------------------------------------------------------------

First, CIP2A expression was evaluated in clinical samples including tumor part and non-tumor part using immunohistochemical staining, and the staining intensity was scored from -- to 2+. In this experiment, we used nontumor part CIP2A expression as a standard to compare CIP2A expression in OSCC tissue. Based on CIP2A expression, OSCC patients were categorized into two groups: low expression group (− and 1+) if the staining intensity was lower than the staining intensity of the non-tumor tissues. The staining was scored as "2+" if the staining intensity in the tumor part is higher than the staining intensity of non-tumor tissues. [Figure 1A](#F0001){ref-type="fig"} shows that CIP2A protein was located in the cytoplasm of oral cancer tissues. Based on the IHC scoring, 58 (43.6%) cases showed low CIP2A expression and 75 (56.3%) cases exhibited high expression. Overall, CIP2A was highly expressed in tumor cells compared with non-tumor tissues.Figure 1Higher expression levels of CIP2A in OSCCs. (**A**) Representative immunohistochemical expression patterns of CIP2A in nontumor tissues and OSCC specimens are shown. (**B**) Kaplan--Meier survival curves showing the difference of survival time between patients with low- and high-expression CIP2A on OSCC samples from 133 patients.**Abbreviations:** CIP2A, cancerous inhibitor of protein phosphatase 2A; OSCC, oral squamous cell carcinoma.

In order to understand the possible roles of CIP2A in the OSCC development, we examined the association between CIP2A expression and clinicopathological characteristics ([Table 2](#T0002){ref-type="table"}). The results show that CIP2A expression was significantly associated with moderate/poor tumor differentiation (*P*=0.02). However, no significant association was found between CIP2A expression and other clinical parameters, such as TNM stage and AJCC cancer stage. Kaplan--Meier analysis was performed to evaluate the associations of CIP2A expression with survival of the patients. Results showed that patients with higher CIP2A expression had lower survival rate than those with lower CIP2A expression ([Figure 1B](#F0001){ref-type="fig"}, *P*=0.047).Table 2Clinicopathologic factors associated with CIP2A expressionCytoplasmCIP2AFactorsLowHighNumberNumber(n = 58)(n=75)aOR^a^ (95% CI)*P-*valueTumor size (SD)3.16 (1.60)2.81 (1.68)T classificationI/II31521III/IV27230.49 (0.24--1.03)0.058N (lymph node)N0/N148641N2/N310110.77 (0.30--1.99)0.591M (metastasis)No57751Yes10NDAJCC cancer stageI/II25431III/IV33320.53 (0.26--1.07)0.074Histological gradeWell4171Moderate/poor54580.25 (0.08--0.81)0.020DeathNo23361Yes35390.55 (0.27--1.15)0.113[^3]

Multivariate analysis to analyze prognostic value of CIP2A expression {#S0003-S2003}
---------------------------------------------------------------------

The effects of clinicopathologic factors and CIP2A expression on mortality in the OSCC patient cohort are shown in [Table 3](#T0003){ref-type="table"}. Adjusted for the effects of age and gender, nodal metastasis, AJCC stage and chemotherapy/radiotherapy were significantly associated with a higher mortality risk (adjusted HR \[aHR\], 2.5; 95% CI, 1.7--3.7; *P* = 0.0051; aHR, 3.7; 95% CI, 2.2--6.0; *P* = 0.0127; aHR, 2.9; 95% CI, 2.0--4.1; *P*\<0.0001, respectively). To further understand whether CIP2A expression is an independent prognostic factor for OSCC patients, variables such as age, gender and histological grade were adjusted. Compared with high CIP2A expression, OSCC patients with low CIP2A expression had a 1.4-fold higher mortality risk (95% CI, 0.8−2.5; *P* = 0.0239). These results clearly demonstrate that CIP2A expression is an independent predictor for OSCC patients.Table 3The effect of clinicopathologic factor and CIP2A expression on mortality density and adjusted hazard ratio (aHR) among OSCC patientsFactorsNumber of patientsFollow-upNumber of deathMortality density^a^aHR^b^(95% CI)Interaction(person-year)*P*-value**Overall mortality from primary malignancy to death**T classificationI/II83554.9224.01III/IV502422610.71.9(1.4--2.8)0.0707N classificationN0/N1112736.4334.51N2/N32160.51524.82.9(2.0--4.1)\<0.0001AJCC tumor stageI/II68483.1163.31III/IV65313.73210.22.5(1.7--3.7)0.0051Histological gradeWell21160.100.01Moderate/poor112636.7487.52.9(1.4--5.6)0.0682CIP2A expressionHigh75455.7235.01Low58341.2257.31.4(0.82--2.53)0.0239^c^[^4][^5]

Discussion {#S0004}
==========

In this study, we demonstrated that CIP2A expression in oral cancer tissues was significantly increased compared with nontumoral tissues. Normal epithelium showed weak or partly moderate staining, whereas tumor cells showed variable distribution and intensity of CIP2A. As determined by IHC, a total of 58 cases showed low CIP2A expression (43.6%) and 75 cases showed high CIP2A expression (56.3%). This finding indicates that CIP2A was highly expressed in tumor tissues than nontumor tissues, which is consistent with previous studies.[@CIT0004],[@CIT0005],[@CIT0007],[@CIT0009],[@CIT0011]--[@CIT0015]

Increased CIP2A expression confers poor clinical outcome in several types of cancer. In this study, the relationship between CIP2A expression levels and certain clinicopathological parameters of oral cancer was evaluated. High CIP2A expression is associated with late pathologic stage and metastatic lymph node status in various cancers types.[@CIT0004],[@CIT0005],[@CIT0014],[@CIT0016]--[@CIT0018] In this study, clinicopathological analyses revealed a significant association between CIP2A expression and histological grade; this result is consistent with Bockelman et al (2007) and our study.[@CIT0007] Dong et al (2011) found that non-small-cell lung carcinoma (NSCLC) patients with CIP2A-positive expression showed reduced survival rate when compared to CIP2A-negative NSCLC.[@CIT0012] CIP2A overexpression is associated with shorter overall survival in patients with breast cancer, renal cancer[@CIT0005],[@CIT0017] and oral cancer and nasopharyngeal cancer.[@CIT0007],[@CIT0019] Similarly, in our study, high CIP2A expression was significantly correlated with poor prognosis in OSCC patients (*P*=0.047).

Dong et al (2010) have demonstrated that CIP2A expression was a significant prognostic factor for NSCLC patients.[@CIT0012] Multivariate analysis indicated that CIP2A expression was an independent risk factor for T1N0M0 and T2N0M0 OSCC patients.[@CIT0007] Consistent with these findings, the present report showed that CIP2A is an independent prognostic factor in oral cancer. In conclusion, CIP2A is an oncogenic protein[@CIT0012] in oral cancer and may serve as prognostic marker for overall survival.
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